Abstract: Typhoid fever is systemic illness caused by Salmonella enterica serovar Typhi (S. Typhi) in humans. Increasing multidrug resistant strains of S. Typhi and limited effect of available vaccines has necessitated exploring of new immunogens for protection against it. Earlier studies have shown that a crude preparation of outer membrane proteins (OMPs) of S. Typhi evokes strong immune response and induces a protective immunity against infection caused by diverse Gram-negative bacteria. In the present study we have evaluated the protective effect of a purified recombinant 49 kDa (r49kDa) OMP of S. Typhi alone or along with alum or complete Freund's adjuvant, against a challenge by S. Typhi (0.4 × 50% lethal dose) by biochemical estimation of serum enzymes and oxidative stress enzymes in Swiss albino mice. There was a decrease in activity of alanine aminotransferase by 14.28%, 38.09%, 23.80%; aspartate aminotransferase by 6.25%, 25%, 16.25%; lipid peroxidation by 4.34%, 18.84%, 11.59%; and catalase by 8%, 14%, 10%, respectively, whereas increase in activity of reduced glutathione by 33.33%, 61.11%, 44.44%; glutathione peroxidase by 7%, 16%, 10%; and glutathione reductase by 8%, 20%, 12%, respectively, as compared to control animals challenged with bacteria without pre-immunization. The results indicated that immunization of mice with r49kDa OMP alone or in combination with adjuvants protected and normalized the liver. It reduces the development of oxidative stress in mice against Salmonella infection and the risk of getting typhoid. These results represent an additional supplement to our earlier reported data on protective immunity evoked by this protein.
Introduction
Salmonella enterica serovar Typhi (S. Typhi) is an intracellular facultative anaerobic Gram-negative bacterium that causes typhoid fever in humans (Zhang et al. 2008; Kaur & Jain 2012) . Typhoid remains a major health problem in many developing countries of the world where impoverished populations are exposed to unsafe food and water (Bhunia et al. 2009; Crump & Mintz 2010; Dougan et al. 2011) . Rise in morbidity and mortality is associated with this disease possibly affecting over 90 million people globally each year (Majowicz et al. 2010) .
Typhoid fever is characterized by a persistent high fever, headache, profuse sweating, nausea, vomiting, abdominal pain, ileal perforation, diarrhea, liver abscess, gastroenteritis, bradycardia, hepatomegaly and splenomegaly (Godinez et al. 2008) . S. Typhi is transmitted through contaminated food and water; following ingestion, the bacteria spread from the intestine via blood to the intestinal lymph nodes, liver, and spleen where they multiply. Bacteria in the small intestine move across the intestinal epithelial cell (IEC) and reaches the M cells thus penetrate in the Peyer's patches, which produces strong inflammatory reaction with the recruitment of leukocytes. The potent inflammatory reaction against Salmonella species has the inconvenience of provoking host cell death, as well as apoptosis of both inflammatory and epithelial cells. These phenomena result in the appearance of several clinical symptoms including increase of enzymes alanine aminotransferase (ALT) (Shetty et al. 1999) , aspartate aminotransferase (AST) (Klotz et al. 1984) , glutamyl transpeptidase, alkaline phosphatase, etc. (Abro et al. 2009 ). Abnormalities in liver enzyme levels may be caused by excretion of either bacteria or their products to the circulation (Retornaz et al. 1999) . These subsequent immune activation and production of cytokines may cause liver toxicity (González-Quintela et al. 2004 ).
Typhoid fever is becoming increasingly difficult to diagnose and treat, due to increasing and widespread emergence of S. Typhi serotypes with resistance to multiple antibiotics and changing modes of bacterial presentation (Akinyemi et al. 2005; Ochiai et al. 2008; Yang et al. 2010) . Also currently available vaccines against typhoid fever have less than desired efficacy. The parenteral whole cell vaccines have been associated with fever and systemic reactions. Although licensed, it is considered unsuitable for mass immunization and no longer in use (Garmony et al. 2002) . The other licensed vaccines against Salmonella in use globally are Vi polysaccharide vaccine and Ty21a live attenuated vaccine (Cheminay & Hensel 2008) . Both these vaccines are well tolerated but are only moderately protective (Ivanoff et al. 1994; Keitel et al. 1994; Merican 1997; Levine et al. 1999; Allam et al. 2011) . The emergence of multidrug-resistant (MDR) strains of S. Typhi and limited scope of available vaccine (Mastroeni & Menager 2003) against Salmonella infection has added a sense of urgency to evaluate the efficacy of different immunogens to develop more effective typhoid vaccines.
Many studies have documented antibody responses to S. Typhi proteins. The outer membrane proteins (OMPs) have been shown to induce a protective immunity in infection caused by diverse Gram-negative bacteria, evoke strong immune response in animals, and some of these proteins have very strong potential for the development of a subunit vaccine against typhoid (Chatfield et al. 1991; Muthukkumar & Muthukkaruppan 1993) . The patients with typhoid fever as well as vaccination with an attenuated live strain, elicits immune response to OMPs (Ortiz et al. 1989; Blanco et al. 1993 ) and the detection of specific antibodies against OMPs in the serum of typhoid patients has been useful for diagnosis of typhoid (Verdugo-Roudriguez et al. 1993) . OMPs interface the cell with the environment, thus representing important virulence factors with a significant role in the pathobiology of Gram-negative bacteria and bacterial adaptation (Kussi et al. 1981) . We reported that a purified 49 kilodalton OMP from S. Typhimurium is highly immunogenic and evokes both humoral and cell mediated immune responses. It provides 100% protection against experimental salmonellosis in mice (Hamid & Jain 2008 ). An identical OMP from S. Typhi with a molecular weight of 49 kDa showed a similar immunogenicity. This protein has been cloned, expressed and purified by Ni-NTA affinity chromatography. We reported that recombinant 49 kDa (r49kDa) OMP in S. Typhi is equally immunogenic and capable of inducing specific antibodies as the natural protein and confers protective immunity against lethal infection by S. Typhimurium in mice (Hamid & Jain 2010) . Therefore the present study was designed to determine the cyto-protective effect of r49kDa OMP of S. Typhi with and without adjuvants followed by a challenge with S. Typhi [0.4 × lethal dose 50% (LD50)] by biochemical estimation of the following enzymes present in the serum: ALT, AST, oxidative stress enzymes lipid peroxidation (LPO), reduced glutathione (GSH), catalase (CAT), glutathione peroxidase (GPX) and glutathione reductase (GR).
Material and methods
Recombinant 49kDa outer membrane protein of S. Typhi The gene for 49kDa OMP of S. Typhi was cloned, expressed in Escherichia coli and purified by a single-step Ni-NTA affinity chromatography as described earlier (Hamid & Jain 2010) .
Microorganism
Salmonella enterica serovar Typhi (wild) (S. Typhi) strain (MTCC No-733) was obtained from the Institute of Microbial Technology, Chandigarh, India.
Animals
Male Swiss albino mice (25-30 g, 6-8 weeks old) were obtained from the central animal facility of Hamdard University. These were kept in polypropylene cages in groups of six mice per cage and kept at 25 ± 2
• C with a 12-h light/dark cycle. These were allowed to acclimatize for 1 week before the experiments and were given free access to standard laboratory feed (Amrut Laboratory, rat and mice feed, Navmaharashtra Chakan Oil Mills Ltd., Pune, India) and water ad libitum. Approval for animal experimentation was obtained from Institutional Animal Ethics Committee registered under the Committee for the Purpose of Control and Supervision of Experimental Animals (173/CPCSEA).
Dose and dosage
Animals were divided into five groups. Each group consisted of six mice. Following treatment schedule was used for this study. Control groups (Group S and Group S+B) of mice were injected with saline only. The animals in other groups were immunized with 25 µg r49kDa OMP/mouse in 100-200 µL volume of either saline (Group r49kDa OMP) or emulsified with 100 µL of alum (Sigma, USA) (Group r49kDa OMP + alum) or emulsified with 100 µL of complete Freund's adjuvant (CFA; Sigma, USA) (Group r49kDa OMP + CFA), on day 0. Subsequent boosters were given on day 7, 14, 21 and 31. The animals in Group r49kDa OMP + CFA were given booster doses with r49 kDa OMP emulsified in incomplete Freund's adjuvant (IFA; Sigma, USA). Two weeks after the last booster, animals were challenged with sublethal (0.4×LD50) dose of S. Typhi, intraperitoneally. On day 10 from the day of primary immunization, blood was taken and all of the mice (6 mice) in each group were sacrificed. Liver was aseptically removed from each mouse under sterile condition, homogenized and post mitochondrial supernatant (PMS) was prepared for biochemical estimations. The LD50 of the bacteria was determined by the method of Reed & Muench (1938) .
Groups

Biochemical estimations Sample collection and serum preparation
Mice were anaesthesized with diethylether and blood was drawn through venous puncture. Blood drawn from mice was allowed to coagulate at room temperature for 30 min and then centrifuged at 800×g for 20 min. Serum was then aliquoted and stored at −80
Estimation of protein
The proteins in all samples were determined by the method of Lowry et al. (1951) using bovine serum albumin as the standard.
Estimation of AST and ALT from blood serum of mice infected with S. Typhi ALT and AST are the marker enzymes of liver injury. The activities of ALT and AST were estimated by using the kit supplied by Span Diagnostic Ltd., New Delhi. The procedure of estimation was based on the method described by Reitman & Frankel (1957) . The enzyme activity was expressed in U/mL, where one unit is defined as one µmole of the pyruvate formed under defined conditions per mL of serum.
Assay for serum AST activity
The assay consisted of 0.1 mL of serum diluted to 1.0 mL with α-ketoglutarate-aspartate buffer substrate (pH 7.4). AST catalyses the transamination of L-aspartate and α-ketoglutarate to form oxaloacetate and L-glutamate. The oxaloacetate reacts with 2,4-dinitrophenylhydrazine to form 2,4-dinitrophenylhydrozone derivative, which is brown coloured in alkaline medium and is measured at 505 nm.
Assay for serum ALT activity
The assay consisted of 0.1 mL of serum diluted to 1.0 mL with α-ketoglutarate-alanine buffer substrate (pH 7.4). ALT catalyses the transamination of L-arginine and α-ketoglutarate to form pyruvate and L-glutamate. The pyruvate reacts with 2,4-dinitrophenylhydrazine to form 2,4-dinitrophenylhydrozone derivative, which is brown coloured in alkaline medium and is measured at 505 nm.
Liver homogenate and PMS preparation Livers were first aseptically removed and then homogenized in a chilled phosphate buffer (0.1 M, pH 7.4) containing potassium chloride (1.17% w/v) using a Polytron homogenizer. This liver homogenate was used for the estimation of LPO.
The homogenate was further centrifuged at 800×g for 5 min at 4
• C to separate the nuclear debris. The supernatant was further centrifuged at 10,000×g for 20 min at 4
• C to get the PMS, which was used for various biochemical assays.
Estimation of LPO LPO was estimated by the method of Wright et al. (1981) . The reaction mixture, in a total volume of 2.0 mL, contained 1.8 mL phosphate buffer (0.1 M, pH 7.4), 0.2 mL of liver homogenate (10% w/v). The reaction mixture was incubated at 37
• C in a shaking water bath for 1 h. The reaction was stopped by the addition of 1.0 mL trichloroacetic acid (TCA) (10% w/v). Following the addition of 1.0 mL thiobarbituric acid (0.67% w/v, prepared in warm distilled water) was added and all the tubes were placed in a boiling water bath for 20 min. Then the tubes were cooled on ice and centrifuged at 2,500×g for 10 min. The supernatant containing the thiobarbituric acid reactive substances was assessed by measuring the optical density at 535 nm. The results were expressed as nmol of malondialdehyde (MDA) formed per mg protein using a molar extinction coefficient of 1.56×10
5 /M/cm.
Estimation of GSH GSH in the liver was determined by the method of Jollow et al. (1974) . One mL of PMS (10% w/v) was precipitated with 1 mL of sulphosalicylic acid (4%). The samples were kept at 4
• C for 1 h, centrifuged at 1,200×g for 20 min at 4
• C and the supernatant was separated. The assay mixture in a total volume of 3.0 mL contained 0.1 mL of above supernatant, 2.7 mL phosphate buffer (0.1 M, pH 7.4) and 0.2 mL 100 mM 5,5'-dithiobis-(2-nitrobenzoic acid). The acid and GSH react to generate yellow coloured complex of 5-thio-2-nitrobenzoic acid. Therefore, GSH concentration can be determined by measuring absorbance of yellow colour complex at 412 nm. The activity was calculated using GSH as standard and expressed as mmol conjugate glutathione per g tissue.
Estimation of CAT activity
Catalase activity was determined by the method of Claiborne et al. (1985) . PMS was used to assess the activity of CAT. The assay mixture consisted of 1.95 mL phosphate buffer (0.05 M, pH 7.0), 1.0 mL hydrogen peroxide (0.019 M) and 10 µL PMS (10% w/v) in a total volume of 3.0 mL. The rate of change of absorbance per min at 240 nm was recorded and CAT activity was expressed as µmol H2O2 decomposed/min/mg protein using extinction coefficient of 0.081×10 3 /M/cm.
Estimation of GPX activity GPX activity was estimated using coupled enzyme assay with GR. As a result of GPX activity, the glutathione disulphide is produced, which is immediately reduced by GR thereby maintaining a constant level of GSH in a reaction system. The assay takes advantage of concomitant oxidation of NADPH by GR, which was measured at 340 nm (Dringen et al. 2005; Rosenthal & Glew 2009 ). Specific activity of enzyme was measured according to the procedure described by Mohandas et al. (1984) . The reaction mixture consisted of 1.53 mL phosphate buffer (0.05 M, pH 7.0), 0.1 mL of ethylenediaminetetraacetic acid (1 mM), 0.1 mL of sodium azide (1 mM), 0.1 mL of glutathione (1 mM), 0.1 mL of NADPH (0.2 mM), 0.01 mL of hydrogen peroxide (0.25 mM) and 0.02 mL of PMS (10% w/v) in a final volume of 3 mL. The disappearance of NADPH at 340 nm was recorded at room temperature. The enzyme activity was calculated as nmole NADPH oxidized/min/mg protein by using the molar extinction coefficient of 6.22×10
3 /M/cm.
Estimation of GR activity
The GR activity was calculated using the method of Mohandas et al. (1984) . The mixture consisted of 1.73 mL of a sodium phosphate buffer (0.1 M, pH 7.4), 0.1 mL of ethylenediaminetetraacetic acid (0.5 mM), 0.05 mL of GSH (1 mM), 0.1 mL of NADPH (0.1 mM), and 0.02 mL of PMS (10% w/v) with a total volume of 2.0 mL. The enzyme activity was quantified by measuring the disappearance of NADPH at 340 nm at 30 s intervals for 3 min. The activity was calculated using a molar extinction coefficient of 6.22×10 3 /M/cm and was expressed as nmol NADPH reduced/min/mg protein.
Statistical analysis
The data were expressed as mean ± standard error. Comparisons of the means of sera of different groups were made by Tukey-test using GraphPad Instat 3 software, with, p < 0.05 (*) and p < 0.001 (***) as limits of significance.
Results
To analyze the protection efficiency given by r49kDa OMP, the mice were pre-treated with r49kDa OMP alone, r49kDa OMP + alum and r49kDa OMP + CFA followed by a challenge with S. Typhi (0.4×LD50) as described above and the following parameters were assayed.
Serum enzymes
Infection with bacteria in control mice (Group S+B) resulted in an increase in the activity of ALT by 133.33% (Fig. 1 ) as compared to saline-treated control (Group S) and AST by 68.42% (Fig. 2) as compared to salinetreated control (Group S). The group immunized with r49kDa OMP alone, r49kDa OMP + alum and r49kDa OMP + CFA followed by a challenge with S. Typhi (0.4×LD50) showed a decrease in levels of ALT by 14.28%, 38.09%, 23.80% and AST by 6.25%, 25%, 16.25%, respectively, as compared to the S+B group.
Lipid peroxidation
The MDA level in liver was assessed to determine the LPO. Bacterial infection in un-immunized group (Group S+B) showed an increased LPO (nmol MDA formed/mg protein) level by 43.75% as compared to Group S (Fig. 3) . The animals immunized with r49kDa OMP alone, r49kDa OMP + alum and r49kDa OMP + CFA followed by a challenge with S. Typhi (0.4×LD50) lowered the formation of MDA by 4.34%, 18.84% and 11.59%, respectively, as compared to S+B group.
Reduced glutathione GSH activity was assessed as described. Bacterial infection in un-immunized group (Group S+B) showed a decreased level of GSH by 43.75% as compared to saline-treated control (Group S) (Fig. 4) . The animals immunized with r49kDa OMP alone, r49kDa OMP + alum and r49kDa OMP + CFA and challenged with S. Typhi (0.4×LD50) exhibited an increase in levels of GSH by 33.33%, 61.11% and 44.44%, respectively, as compared to S+B group.
Catalase
CAT activity in group S+B showed an increase in CAT activity by 28.20% as compared to saline-treated control (Group S) (Fig. 5) . The animals immunized with r49kDa OMP alone, r49kDa OMP + alum and r49kDa OMP + CFA and challenged with S. Typhi (0.4×LD50) exhibited a reduction in CAT activity by 8%, 14% and 10%, respectively, as compared to S+B group.
Glutathione peroxidase
The GPX activity in group S+B was by 21.87% as compared to the saline-treated controls (Group S) (Fig. 6) . The groups immunized with r49kDa OMP alone, r49kDa OMP + alum and r49kDa OMP + CFA and challenged with S. Typhi (0.4×LD50) showed an increase in levels of GPX activity by 7%, 16% and 10%, respectively, as compared to the S+B group. Thus, immunization with r49kDa OMP alone, r49kDa OMP + alum and r49kDa OMP + CFA protected the liver against the infection-induced damage.
Glutathione reductase
The GR activity in group S+B exhibited a decrease in GR activity by 25.92% as compared to the salinetreated control (Group S) (Fig. 7) . The groups immunized with r49kDa OMP alone, r49kDa OMP + alum and r49kDa OMP + CFA followed by S. Typhi challenge showed an increase in levels of GR activity by 8%, 20% and 12%, respectively, as compared to the S+B group.
Discussion
Typhoid is still a challenging disease having multiple organ damage (Huang et al. 2005) . However, liver is the primary organ that is affected in the patients with typhoid fever (Shetty et al. 1999 ). Endotoxin/lipopolysaccharide derived from Gram-negative bacteria play an important role in the pathogenesis of liver injury associated with sepsis (Liang-Takasaki et al. 1983) . Hepatic enzymes in typhoid have been shown as the direct evidence of hepatic damage in various cases (Ayhan et al. 1973; Ramachandran et al. 1974; Khosla et al. 1988; Morgenstern & Hayes 1991; Mirsadraee et al. 2007; Khan 2009 ). In the present study we report the cyto-protective effect given by immunizing r49kDa OMP of S. Typhi with or without adjuvants (alum and CFA), followed by a challenge with sublethal dose (0.4×LD50) of S. Typhi. Biochemical estimation of serum enzymes (AST, ALT) and oxidative stress parameters LPO, GSH, CAT, GPX and GR were studied.
There is an increase in serum enzymes activity when liver damage leads to abnormalities of its function (Simonsen & Uirji 1984 ). An increase in serum transaminases (ALT and AST) has been also reported in typhoid fever (Klotz et al. 1984) . Our data suggest that infection of mice with 0.4×LD50 of S. Typhi (Group S+B) resulted in significant increase in both ALT by 133.33% (Fig. 1) and AST by 68.42% (Fig. 2) , respectively, after 10 days of infection, as compared to control mice (Group S). This indicated the damage of liver due to accumulation of bacteria. The mice pre-immunized with r49kDa OMP alone, r49kDa OMP + alum and r49kDa OMP + CFA followed by a challenge with S. Typhi (0.4×LD50) showed decrease in levels of ALT activity by 14.28%, 38.09%, 23.80% and AST activity by 6.25%, 25%, 16.25%, respectively, at day 10 of primary immunization, as compared to S+B group. This may be related to clearing of bacteria from reticuloendothelial system and protective effect of immunization on cellular damage as well as the loss of functional integrity of cell membranes of hepatocytes. A direct effect while clearing the bacteria has already been reported by us (Hamid & Jain 2010) . These results are the supplement to our earlier findings on protective nature of the r49kDa OMP and demonstrate the reversal of liver damage and protection against experimentally induced salmonellosis.
Oxidative stress is one of the key factors during typhoid fever. LPO is result of biologically relevant free radical chain reactions and a single oxidative event can oxidize multiple lipid molecules. It has been also hypothesized that one of the principal causes of Salmonella induced liver damage is LPO of hepatocyte membranes as the LPO products are released subsequently into the circulation, possibly induced by enhanced generation of oxygen radicals or deficiency of antioxidant defence mechanisms (Recknagel et al. 1991) . MDA is a major reactive aldehyde resulting from the biological membranes peroxidation (Vaca et al. 1988) , which is used as an indicator of tissue damage (Ohkawa et al. 1979) . In the present study, our results showed elevated levels of hepatic MDA in unimmunized mice infected with S. Typhi (Group S+B) by 43.75% at day 10 of primary immunization in liver as compared to control mice (Group S) (Fig. 3) . The mice immunized with r49kDa OMP alone, r49kDa OMP + alum and r49kDa OMP + CFA followed by a challenge with S. Typhi (0.4×LD50) caused partial reversal and significantly inhibited the formation of MDA by 4.34%, 18.84% and 11.59%, respectively, as compared to S+B group.
GSH is considered to be the most important of the body's self-generated antioxidants. It is the key molecule in redox homeostasis (Kidd 1997) . GSH could directly act either as a free radical scavenger by neutralizing hydroxyl radical, or indirectly by repairing initial damage to macromolecules inflicted by hydroxyl radical. On interacting with free radicals the reduced form of GSH becomes readily oxidized to glutathione disulphide. GSH participates in the reductive processes that are essential for the protection of cells through quenching the reactive intermediates and the radicals generated during oxidative toxicity. It plays an important role in the detoxification of reactive toxic metabolites of Salmonella; liver necrosis is initiated when reserves of GSH are markedly depleted (Williams & Burk 1990; Recknagel et al. 1991) . It has been suggested that lowered GSH levels may occur due to increased utilization of GSH by antioxidant enzymes (Anand et al. 1996) . Administration of S. Typhi to group S+B showed a decrease in GSH level by 43.75% as compared to controls (Group S) (Fig. 4) . The animal immunized with r49kDa OMP alone, r49kDa OMP + alum and r49kDa OMP + CFA followed by a challenge with S. Typhi (0.4×LD50) showed elevated levels of GSH by 33.33%, 61.11% and 44.44%, respectively, as compared to S+B group. Thus, this confirms the reduction of oxidative stress in mice induced experimentally by S. Typhi.
The activity of CAT in growing cultured of S. Typhi and other enteric bacteria is more or less linear to the exponential phase. Hydrogen peroxide is normally produced by Salmonella cultures during the exponential and stationary growth phases (Finn & Condon 1975) . CAT, a diffusion-controlled enzyme, is effective when the clearance of high concentrations of H 2 O 2 is required (Dringen et al. 2005) . Decomposition of H 2 O 2 to water, by the catalatic activity of CAT is a first-order reaction with the rate dependent on substrate concentration (Ho et al. 2004 ). The CAT activity is increased in animals following bacterial infection. Mice infected with 0.4×LD50 of S. Typhi (Group S+B) showed a significant increase in CAT activity by 28.20% as compared to saline-treated control (Group S) after 10 days of infection (Fig. 5) . The mice immunized with r49kDa OMP alone, r49kDa OMP + alum and r49kDa OMP + CFA followed by a challenge with S. Typhi (0.4×LD50) showed a decrease in activity of CAT by 8%, 14% and 10%, respectively, as compared to S+B group, indicating the protective effect of r49kDa OMP against S. Typhi.
GPX catabolises peroxynitrite in vitro (Briviba et al. 1998 ). Many small biomolecules including glutathione, cysteine, methionine and tyrosine can react with peroxynitrite or its toxic products. By the oxidation of essential thiol or selenol groups, peroxynitrite inactivates GPX (Asahi et al. 1997 ). The control animals infected with S. Typhi (Group S+B) showed a decrease in the GPX activity by 21.87% as compared to the un-infected controls (Group S) (Fig. 6) . The profound decrease in GPX activity could be the result of the inactivation of GPX by peroxynitrite. The groups immunized with r49kDa OMP alone, r49kDa OMP + alum and r49kDa OMP + CFA followed by a challenge with S. Typhi (0.4×LD50) exhibited a significant increase in the GPX activity by 7%, 16% and 10%, respectively, as compared to the S+B group. This increase in the GPX activity suggested that immunization resulted in catabolization of peroxynitrite and thus lowered the severity of salmonellosis.
Similar results were observed in case of GR activity. Mice infected with S. Typhi (0.4×LD50) (Group S+B) exhibit a decreased in GR activity by 25.92% as compared to the saline-treated control (Group S) (Fig. 7) . The group immunized with r49kDa OMP alone, r49kDa OMP + alum and r49kDa OMP + CFA followed by a challenge with S. Typhi (0.4×LD50) showed an increased level in the GR activity by 8%, 20% and 12%, respectively, as compared to the S+B group. This again showed the protective effect of r49kDa OMP of S. Typhi.
Conclusion
In conclusion, typhoid fever causes high fever, induction of oxidative stress and liver damage associated with high frequency of extrahepatic complications. Despite the high incidence and serious nature of the haematological changes and liver involvement, these changes are transient and respond favourably to the appropriate antimicrobial therapy. Thus, it could be predicted that the immunization of mice with r49kDa OMP alone or in combination with adjuvants, protected and normalized the liver against sub-lethal challenge by S. Typhi (0.4×LD50). It is therefore concluded that r49kDa OMP of S. Typhi is able to minimize the damage of cells caused by Salmonella infection and is effective as a protective agent against typhoid.
